developed structural defenses, such as spines, trichomes, and thick, tough leaves [3] . When plantsP48C, and P0C, respectively, with a false discovery rate (FDR) of <1% (Table S1 ). And finally, a 134 total of 8302 proteins were identified (Table S1 ). 135 2.2. Functional categories of differentially expressed proteins 136
In this study, any proteins with a ≥ 1.2-fold difference and a q-value <0.05 were designated 137 as significant differently expressed proteins (DEPs) [30] [31] [32] [33] [34] . We got q-value through p-value 138 corrected for false discovery rate (FDR) by Benjamini-Hochberg (BH). A total of 1015 (56%) 139 proteins were upregulated and 796 (44%) were downregulated in P48E compared to the control 140 P0C. A total of 775 (62%) proteins were upregulated and 477 (38%) were downregulated in P48E 141 compared to the control P48C. There were 485 (48%) proteins that were upregulated and 520 142 (52%) were downregulated in P48C compared to the control P0C (Fig. 1A , Table S2 ). Venn 143 diagram shows common or uniquely up-and down-regulated proteins in different experimental 144 groups. (Fig. 1B, 1C ). The remaining pathway enrichment categories are shown in Table 1 . The 145 results suggest that plants can alter their proteins when attacked by herbivorous insects, and then 146 plant defense responses are induced. 147
To study the functional categories of the insect feeding treatment (P48E) and its control 148 (P48C), we conducted GO enrichment analysis of DEPs. DEPs were classified into three groups: 149 biological process, cellular component, and molecular function (Fig. 1D ). For biological process, 150 the proteins were predominantly distributed in the metabolic process (258), single-organism 151 process (225), cellular process (58), response to stimulus (45), and localization (38). For cellular 152 components, the proteins were predominantly distributed in the organelle part (98), organelle (90), 153 cell part (83), membrane part (46), and macromolecular complex (27) . For molecular function, the 154 proteins were predominantly distributed in the catalytic activity (527), binding (125), transporter 155 activity (31), structural molecule activity (29), and antioxidant activity (26) (Fig. 1D ). 156
For analysis of the metabolic pathways of the cotton plants infested by A. suturalis, DEPs 157 were also investigated using the KEGG database (ver. 81). We first compared the two control 158 groups, P48C and P0C (Table S3) , and then removed the pathway changes arising from plant 159 growth. These changes were considered as background noise. Then, we compared experimental 160 P48E with the control P48C, and found that the DEPs were enriched in alpha-linolenic acid 161 metabolism (1.85%), fructose and mannose metabolism (2.53%), amino sugar and nucleotide 162 sugar metabolism (4.09%), selenocompound metabolism (1.17%), protein digestion and 163 absorption (0.49%). The remaining pathway enrichment categories are shown in Table 1 . Those 164 results indicated that metabolic pathway may play an important role in plant defense. 165 2.3. Metabolome changes in cotton plant in response to A. suturalis feeding 166
Reproducibility of the UPLC-Q-TOF-MS was determined from ten replicates with the same 167 quality control (QC) sample interspersed throughout the analysis ( Fig. 2A) . In all of the QC 168 samples, ions with relative standard deviation (RSD) > 30% were deleted. We then had 7513 169 positive ions (RSD ≤ 30%, 96.44%) of the total 7790, and 4053 negative ions (RSD ≤ 30%, 170 93.71%) of the total 4325. To investigate cotton metabolic changes in response to A. suturalis 171 feeding, all of the observations, acquired in both positive and negative ion modes, were analyzed 172 using two components principal component analysis (PCA) score (Fig. 2B ). To best analyze the 173 metabolic variations of the A. suturalis feeding groups, all of the observations acquired in both ion 174 modes were analyzed using orthogonal partial least squares-discriminant analysis (OPLS-DA). 175
The differential metabolites were selected according to the variable important for the projection 176 (VIP) threshold (VIP > 1) in the OPLS-DA model with the q-value (q < 0.05) after FDR 177 correction [32] [33] [34] . The plots of the OPLS-DA model discriminated the insect feeding groups from 178 their corresponding control groups, and exhibited satisfactory classification (Fig. 2C ). Under this 179 standard, there were 70 (18 upregulated and 52 downregulated) metabolites in the positive ion 180 mode and 15 (all downregulated) in the negative ion mode (Table S4) . A clear metabolite 181 separation was observed between the A. suturalis feeding groups and the corresponding control 182 groups as illustrated in a heat-map (Fig. 3 , Table S4 ). The results suggest that metabolites were 183 downregulated and this may induce cotton' defense against herbivorous insects. 184
To further analyze the cotton metabolic pathways, different metabolites were studied using 185 the KEGG database. Comparing the insect feeding group with the control group, in positive ion 186 mode, the top 6 pathways were metabolic pathways, biosynthesis of secondary metabolites, 187 sesquiterpenoid and triterpenoid biosynthesis, tryptophan metabolism, isoquinoline alkaloid 188 biosynthesis, tropane, piperidine and pyridine alkaloid biosynthesis. In the negative ion mode, the 189 top 6 pathways were metabolic pathways, biosynthesis of secondary metabolites, alpha-linolenic 190 acid metabolism, tryptophan metabolism, phenylpropanoid biosynthesis, isoquinoline alkaloid 191 biosynthesis. The metabolites in metabolic pathways, biosynthesis of secondary metabolites, 192 alpha-linolenic acid metabolism and tryptophan metabolism were significantly changed in both 193 positive and negative ion modes ( The LC-MS-based targeted metabolomic analysis was performed according to a previously 354 described protocol [34, 51] . Unbiased metabolomic profiles of cotton samples were obtained using 355 HPLC-MS. All of the cotton samples were rapidly flash-frozen in liquid nitrogen and stored at 356 −80°C until processing. A 25-mg sample was ground in liquid nitrogen, and transferred into a 1.5-357 ml polypropylene tube. Then, 800 μL of chilled methanol/water (1:1) buffer solution, and two 358 small balls were added to each tube. A tissue Lyser was set at the frequency of 60 Hz and the tube 359 contents were shaken for 5 min followed by centrifugation at 25000 rpm for 10 min at 4°C. We 360 used QC samples to assess the reproducibility and reliability of the LC-MS system. Nitrogen was used as the dry gas and cone gas with the parameters described in Table S6 . The 375 separation of all of the samples (injection volume 10 μL) was performed on a ACQUITY UPLC 376 BEH C18 column (Waters, USA) (dimension 100 × 2.1 mm, 1.7 μm particle size). Liquid 377
Chromatographic column parameters with mobile phase A (water), mobile phase B (acetonitrile), 378 and the speed 0.4 mL/min, and the gradient of mobile phase were 0~2 min with 100% A-100% A, 379 2~12 min with 100% A-0% A, 12~14 min with 0% A-0% A, 14~15 min with 0%-100% A. 380 4.8. Data processing and statistics 381
Insect-infested samples and their corresponding control groups were prepared as described 382 above. The MS original data was analyzed by Progenesis QI (ver. 2.2) software to obtain the peak 383 (mz) retention time and ion area. The normalized data were introduced to SIMCA-P V11.0 384 (Umetrics, Sweden) for PCA and for OPLS-DA analysis. We analyzed the QC samples with PCA, 385
and their TIC (total ion current) map (Fig. S1 ). TIC map was used to determine the status of the 386 instrument, the greater the overlap of the QC sample replicates, the more stable of the instrument. 387
We 
